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ABSTRACT 
 
 
 
 
Tellurite glass based on (78-x)TeO2-10Li2O-10MgO-2Nd2O3-xEr2O3,   
(where x = 0.4 to 2.0 mol %) has successfully been prepared by melt-quenching 
technique. The colour of glass is found to vary from light violet to dark violet as the 
Er2O3 content is increased. No definite peaks are found from the X-ray diffraction 
pattern, which shows that the glass is amorphous in nature. It also found that the 
densities and the molar volume of the glass increase as the Er2O3 content is 
increased. The glass transition temperature (Tg), crystallization temperature (Tc), 
melting temperature (Tm) and the temperature difference (Tc-Tg) are determined by 
means of Differential Thermal Analysis (DTA). It is found that the Tc, Tg and Tm are 
in the range of (419-430) 
o
C, (300-345) 
o
C and (885-890) 
o
C respectively. 
Meanwhile, the vibrational study is conducted using the Infrared spectroscopy in the 
range of (4000-400) cm
–1
. Two major absorption peaks are observed around         
(1600-3600) cm
–1
, and (900-1200) cm
–1 
which are due to the stretching mode 
vibration of OH peak and Te-OH peak respectively. The optical absorption edge is 
studied using UV-Vis spectroscopy. The result shows that the optical band gap (Eopt) 
and Urbach Energy (∆E) are in the range of (3.038-3.130) eV and (0.334-0.321) eV 
respectively, depending on the Er2O3 concentration. The refractive index is evaluated 
using the Sellmeier’s equation and it is found that the value in the visible region is in 
the range of 1.724-1.781 depending on the Er2O3 content. The emission spectrum is 
recorded using the photoluminescence spectrometer excited at 582 nm at room 
temperature. The result shows that the emission spectrum of Er
3+
 and Nd
3+
 consist of 
five emission bands at ~457 nm, ~495 nm, ~556 nm, ~611 nm, and ~ 665 nm which 
can be assigned as a transition of 
4
F7/2→
4
F15/2,
 4
S3/2→
4
F15/2, 
4
G11/2 → 
4
I9/2,           
4
G11/2 → 
4
I15/2
 
and 
4
G7/2 → 
4
I13/2 respectively. 
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ABSTRAK 
 
 
 
 
 Kaca Tellurit berasaskan (78-x)TeO2-10Li2O-10MgO-2Nd2O3-xEr2O3, 
(dengan 0.4≤x≤2.0 mol %) telah berjaya disediakan menggunakan teknik pelindapan 
leburan. Warna kaca didapati berubah dari ungu terang kepada ungu gelap apabila 
kandungan Er2O3 bertambah. Corak pembelauan sinar-X tidak menunjukkan puncak 
yang pasti dan ini mengesahkan bahawa kaca tersebut adalah amorfus. Didapati juga 
bahawa ketumpatan dan isipadu molar kaca bertambah apabila kandungan Er2O3 
bertambah. Suhu peralihan kaca (Tg), suhu penghabluran (Tc), suhu leburan (Tm) dan 
perbezaan suhu (Tc-Tg) telah ditentukan menggunakan Penganalisis Pembezaan 
Terma. Didapati bahawa Tc, Tg dan Tm masing-masing berada dalam julat                        
(419-430) 
o
C, (300-345) 
o
C and (885-890) 
o
C. Sementara itu, kajian terhadap getaran 
telah dilakukan menggunakan spektroskopi inframerah dalam julat (4000-400) cm
–1
. 
Dua  puncak utama diperolehi disekitar (1600-3600) cm
–1
, dan (900-1200) cm
–1 
yang 
masing-masing merujuk kepada puncak mod getaran regangan OH dan Te-OH . 
Pinggir serapan optik dikaji menggunakan spektroskopi ultraviolet cahaya nampak. 
Didapati bahawa jurang tenaga, Eg dan tenaga Urbach, ΔE  masing-masing adalah di 
sekitar (3.038-3.130) eV dan (0.334-0.321) eV, bergantung kepada kandungan Er2O3. 
Indek biasan telah ditentukan menggunakan persamaan Sellmeier dan didapati 
bahawa nilainya dalam julat cahaya nampak adalah 1.724-1.781, bergantung kepada 
kandungan Er2O3. Spektrum pancaran telah direkod menggunakan spektrometer 
fotoluminesen yang diujakan pada 582 nm pada suhu bilik. Keputusan menunjukkan 
bahawa spektrum pancaran Er
3+
 dan Nd
3+
 terdiri daripada empat jalur pada ~457 nm, 
~495 nm, ~556 nm, ~611 nm, dan ~665 nm dengan masing-masing mewakili transisi 
dari 
4
F7/2→
4
F15/2,
 4
S3/2→
4
F15/2, 
4
G11/2 → 
4
I9/2, 
4
G11/2 → 
4
I15/2
 
and 
4
G7/2 → 
4
I13/2. 
 
 
 
vii 
 
 
 
 
TABLE OF CONTENTS 
 
 
 
 
CHAPTER    TITLE                    PAGE 
 
  DECLARATION       ii 
  DEDICATION                 iii 
  ACKNOWLEDGEMENT                iv 
  ABSTRACT        v 
  ABSTRAK                  vi 
  TABLE OF CONTENTS               vii 
  LIST OF TABLES       x 
  LIST OF FIGURES                xii 
  LIST OF SYMBOLS                xv 
  LIST OF APPENDICES               xix 
 
 
1 INTRODUCTION      
  1.1 General Introduction      1 
  1.2 Problem Statement      4 
  1.3 Research Objectives      5 
  1.4 Scope of Study      6 
  1.5 Glass System Chosen      7 
  1.6 Significant of the study     8 
  1.7 Summary of Thesis      8 
 
 
viii 
2 LITERATURE REVIEW      
  2.1 Introduction       10 
  2.2 Tellurite Glass      10 
  2.3 Rare Earth Elements (Erbium and Neodymium)  16 
  2.4 X-Ray Diffraction      19 
  2.5 Density and Molar Volume     20 
  2.6 Refractive Index      21 
  2.7 Thermal Analysis      22 
  2.8 Infrared Spectroscopy      23 
  2.9 Optical Absorption Studies     25 
  2.10 Luminescence       29 
   
 
 
 
 
3 METHODOLOGY        
  3.1 Introduction       32 
  3.2 Sample Preparation      33 
  3.3 X-Ray Diffraction (XRD)      34 
  3.4 Density Measurement      35 
  3.5 Refractive Index      36 
  3.6 Differential Thermal Analyzer (DTA)   37 
  3.7 Fourier Transform Infrared (FTIR)    38 
  3.8 UV-Vis Spectroscopy      38 
  3.9 Photoluminescence      39 
 
 
 
 
 
 
 
ix 
4 RESULTS AND DISCUSSION 
  4.1 Introduction       41 
  4.2 Glass samples and composition    42 
  4.3 X-ray Diffraction      43 
  4.4 Density and Molar Volume     44 
  4.5 Thermal Properties Study     48 
  4.6 FTIR Vibrational Spectra     50 
  4.7 UV-Visible-NIR Spectra Analysis    52 
   4.7.1 Absorption Spectra     52 
   4.7.2 Absorption Coefficient (α)    54 
   4.7.3 Optical Band Gap Energy    57 
   4.7.4 Urbach Energy, ∆E     59 
  4.8 Refractive Index      62
  4.9 Luminescence Spectra Analysis    65 
 
 
 
 
5 CONCLUSION AND FURTHER STUDY 
  5.1 Introduction       67 
  5.2 Conclusions       67 
  5.3 Further Study        69 
 
 
 
 
REFERENCES        72 
APPENDICES        85 
 
 
 
 
 
x 
 
 
 
 
LIST OF TABLES 
 
 
 
 
TABLE NO    TITLE         PAGE 
 
2.1  Distance between components in structure of α-TeO2                               11 
 
2.2  Density range of selected glasses based on tellurite   21 
 
3.1   Composition of the samples prepared (mol %)   36 
 
4.1       The nominal composition of Er
3+
 doped Lithium-   
         Magnesium-Neodymium-Tellurite glass system.   42 
 
4.2       Typical density and molar volume for glasses at different  
   Er2O3/Nd2O3 content       45 
 
4.3       The thermal parameters of Er
3+
 doped Lithium-   
  Magnesium-Neodymium-Tellurite glass system.   49 
 
4.4     IR absorption peaks of Er
3+
 doped  Lithium-   
  Magnesium-Neodymium-Tellurite glass system   51 
 
 
 
 
xi 
4.5    Absorption bands energy, Eexpt for glass systems. Energy   
  levels of the Er
3+
 and Nd
3+
 indicate by black and red labels  54 
 
4.6  The value of optical energy gap, Eg and Urbach energy, ΔE 
   for (78-x)TeO2-10Li2O-10MgO-2Nd2O3-xEr2O3 glasses  60 
 
4.7  The various refractive index at various wavelength as  
  calculated by Sellmeier method)     63 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xii 
 
 
 
 
LIST OF FIGURES 
 
 
 
 
FIGURE NO    TITLE         PAGE 
 
2.1   Basic unit tellurite structure (a) TeO
4
 tpb, and    
  (b) TeO
3 
tp        11 
 
2.2  Schematic picture of the TeO2 unit in the structure of   
  α-TeO2        12 
     
2.3   Mechanism of structural changes of tellurite glasses  14  
 
2.4  Schematic energy diagram of Er
3+
/Nd
3+
 co-doped    
  tellurite glass        17 
 
2.5  XRD pattern obtained for Sr0.96-xSi2O2N2:Eu0.04,Mnx   
  phosphors with various x      19 
 
2.6  XRD pattern of (100 − 2x)TeO2–xAg2O–xWO3 where  
   (7.5 ≤ x ≤ 30 mol%)       20 
 
2.7  UV optical properties of 80TeO2-5TiO2-(15-x)WO3-xAnOm  
  where AnOm Nb2O5, Nd2O3 and Er2O3, x = 0.01, 1, 3 and 5   
  mol%  for Nb2O5 and x = 0.01, 0.1, 1, 3, 5 and 7 mol%   
  for Nd2O3 and Er2O3       26 
 
xiii 
2.8  UV characterization of RE-TeO2. (RE = La, Ce, Pr, Sm,   
  Nd, and Yb)        28 
 
2.9  The absorption spectrum and energy level of Er
3+
 doped TSBN    30 
 
2.10  The absorption spectrum and energy level of Tm
3+
 doped TSBN 30 
 
2.11  The absorption spectrum and schematic diagram of the  
   energy levels of Er
3+
 and Nd
3+
 ionin tellurite glass and   
  energy transfer process      31 
 
2.12  Excitation and recombination mechanisms in    
  photoluminescence with a trapping level for electrons  34 
 
4.1    The series of (78-x)TeO2-10Li2O-10MgO-2Nd2O3-xEr2O3   
  with 0.4 ≤ x ≤ 2.0 mol%.      42 
 
4.2  XRD patterns of of (78-x)TeO2-10Li2O-10MgO-2Nd2O3-  
  xEr2O3 glasses.       44 
 
4.3  Density of (78-x)TeO2-10Li2O-10MgO-2Nd2O3-xEr2O3   
  glasses.        46 
 
4.4  Molar volume of (78-x)TeO2-10Li2O-10MgO-2Nd2O3-xEr2O3  
 glasses.        47 
 
4.5  The DTA curve of (78-x)TeO2-10Li2O-10MgO-2Nd2O3-xEr2O3  
  glasses.        49 
 
4.6  Infrared absorption spectra of (78-x)TeO2-10Li2O-10MgO-  
  2Nd2O3-xEr2O3 glasses.      50 
 
xiv 
4.7   A typical UV-Vis-NIR absorption spectra for (78-x)TeO2-  
  10Li2O-10MgO-2Nd2O3-xEr2O3 glasses.    53 
 
4.8     Spectral UV-absorption band for (78-x)TeO2-10Li2O-10MgO- 
  2Nd2O3-xEr2O3 glasses in the region 375 nm to 415 nm.  55 
 
4.9  Graph absorption coefficient against photon energy for   
  (78-x)TeO2-10Li2O-10MgO-2Nd2O3-xEr2O3 glasses.  56 
 
4.10  Graph of quantity (αћω)1/2 against photon energy (ћω) for  
  (78-x)TeO2-10Li2O-10MgO-2Nd2O3-xEr2O3 glasses.  58 
 
4.11  Graph of variation of Energy Gap, Eg versus Er2O3   59 
 
4.12   A plot of ln   against photon energy, ħω for    
  (78-x)TeO2-10Li2O-10MgO-2Nd2O3-xEr2O3 glasses.  60 
 
4.13  A plot of Urbach Energy, ∆E against Er2O3 content   
  (mol %)        61 
 
4.14  Refractive index as a function of wavelength for    
  (78-x)TeO2-10Li2O-10MgO-2Nd2O3-xEr2O3 glasses.  63 
 
4.15  Refractive index as a function of wavelength for    
  (78-x)TeO2-10Li2O-10MgO-2Nd2O3-xEr2O3 glasses.  64 
 
4.16  A luminescence spectrum of (78-x)TeO2-10Li2O-10MgO- 
 2Nd2O3-xEr2O3 glasses for S1.     66 
 
 
 
xv 
 
 
 
 
LIST OF SYMBOLS 
 
 
 
 
 As2O5  - Arsecin pentoxide 
Al2O3  - Aluminium oxide 
B2O3  - Boron oxide 
Bi2O3  - Bismuth oxide 
Ga2O3  - Gallium(III) oxide 
GeO2  - Germanium dioxide 
 TeO2  - Tellurium oxide 
TiO2  - Titanium dioxide 
Li2O  - Lithium Dioxide 
MgO  - Magnesium Oxide 
MoO3  - Molybdenum trioxide 
P2O5  - Phosphorus pentoxide 
SeO2  - Selenium dioxide 
SiO2  - Silicon dioxide 
V2O5  - Vanadium pentoxide 
WO2  - Tungsten oxide 
WO3  - Tungsten trioxide 
ZnF2  - Zinc fluoride 
Li
3+  
- Lithium trivalent ion 
BOs  -  Bridging oxygen 
ESA  - Excited state absorption 
NBO  - Nob-bridging oxygen 
SRO  -  Short range order 
 tbp  - Trigonal bipyramid 
 
xvi 
tp  - Trigonal pyramid 
α-TeO2 -  Paratellurite 
RE  - Rare earth 
Er
3+  - 
Trivalent erbium ion 
Nd
3+  
- Trivalent neodymium ion 
Yb
3  
- Trivalent Ytterbium ion 
4f  - Orbital belong to lanthanide series 
4fn  - Shell configuration belong to lanthanide series 
DTA  - Differential Thermal Analyzer 
EDFAs - Erbium doped fiber amplifiers 
FTIR  - Fourier Transmission Infrared 
IR  - Infrared 
NIR  -  Near infrared 
UV-Vis - Ultraviolet Visible 
PL  - Photoluminescence 
WDM  - Wavelength division multiplexing 
XRD  - X-Ray Diffractometer 
 Tm  - Melting temperature 
Tc  - Crystallization temperature 
Tg  - Glass formation temperature 
α(ω)  - Absorption coefficient 
 A  - Absorbance 
Aj  - Sellmeier parameter 
A1,2,3 ;B1,2,3 - Sellmeier coefficients 
c  - Speed of light 
d  -  Distance between each adjacent crystal planes 
d2  -  Thickness sample 
D  - Dispersion 
E  - Energy 
 
 
 
 
 
xvii 
Eg  - Optical energy gap 
Ei  -  Energy lower band 
Ef  - Energy upper band 
e  - Electron charge 
eV  - Electron Volt 
ΔE  - Urbach energy 
εo  - Electric permittivity 
f  - Vibration frequency 
ik  -  Imaginary part 
k  - Extinction coefficient 
k  -  Force constant 
μ  - Reduce mass 
m  - Mass of atom 
m  - index  transition 
M  -  Molar mass 
n  -  Refractive index 
 n*  - Complex refractive index 
OH  - Hydroxyl  
ρ  - Density 
ρl  - Toluene density 
ρa  - Air density 
Q  - Quality factor 
q  - Phonon 
R  - Reflactance 
ν  - Speed 
s
eq   - Symmetric stretching vibration 
as
ax   - Asymmetric stretching vibration 
V  -  Volume 
 
 
 
 
 
xviii 
Vm  - Molar Volume 
Wa  - Weight of sample in air 
Wl  - Weight of sample in immersion fluid  
Mi  - Molar mass of substance mol 
Z  - Atomic number 
χi  - Percentage of substance mol 
ћω  - Photon Energy 
θ  - Angle 
λ  - Wavelength 
λj  - Resonance wavelengths of the transitions 
∆T  - Glass stability 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xix 
 
 
 
 
LIST OF APPENDICES 
 
 
 
 
APPENDIX    TITLE       PAGE 
 
A  Calculation of glass composition         85 
B  Calculation of apparent density and the error function      87 
C  The Least Square fitting procedure by using        
  Datafit version9.0.59            89       
 
  
 
 
 
 
REFERENCES 
 
 
 
 
Agus S. B., (2003). A Study on The Mechanical, Electrical, and Vibrational 
Spectroscopy Behaviour of Neodymium Copper Phosphate Glasses. 
Universiti Teknologi Malaysia: PhD Thesis. 
 
Ardelean I., Simona L., And Dorina R., (2010).  Infrared and raman spectroscopic 
investigations of  xMnO (100-x)[As2O3 TeO2] glass system. Physica B 405: 
2259-2262. 
 
Azman K., (2010). Physical and Optical Properties of Neodymium Doped and 
Neodymium/Erbium Co-Doped Tellurite Glass System. Master of Science 
(Physics). Universiti Teknologi Malaysia, Skudai. 
 
Bürger H., Kneipp K., Hobert H., And Vogel W., (1992). Glass formation, 
properties and structure of glasses in the TeO2-ZnO system. Journal of    
Non-Crystalline Solids 151: 134-142. 
 
Bomfim F. A., Martinelli J.R., Kassab L.R.P., Wetter N.U., and Neto J.J., (2008). 
Effect of the ytterbium concentration on the upconversion luminescence of 
Yb
3+/
Er
3+
 co-doped PbO-GeO2–Ga2O3 glasses. Journal of Non-Crystalline 
Solids 354: 4755-4759.  
 
Butov O. V., Golant K. M., Tomashuk A. L., Van Stralen M. J. N., and Breuls A. H. 
E., (2002). Refractive index dispersion of doped silica for fiber optics. Optics 
Communications 213: 301-308. 
 
73 
 
Chaudhry M. A., Shakeel B. M. S., Kausar A. R. and Altaf M., (1997). Optical Band 
Gap of Cadmium Phosphate Glasses Containing Lanthanum Oxide. I.L. 
Nuovo Cimento. Vol.19D:N1. 
 
Chen D., Wang Y., Yuy Y., Liu F., and Huang P., (2008). Infrared to ultraviolet 
upconversion luminescence in Nd
3+
 doped nano-glass-ceramic. Journal of 
Rare Earths 26: 428-432. 
 
Chiao W. Y., Ye L., Jing W., and Ru-Shi L., (2012). Appropriate green phosphor of 
SrSi2O2N2:Eu
2+
, Mn
2+
 for AC LEDs. Optical Society of America 20: 18031-
18043. 
 
Chimalawong P., Kaewkhao J., Kittiauchawal T., Kedkaew K., and Limsuwan P., 
 (2010). Optical properties of the SiO2-Na2O-CaO-Nd2O3 glasses. American 
 Journal of Applied Sciences 7(4): 584-589. 
 
Chowdari B.V.R. and Pramoda K. P., (1998). “Studies on Ag2O.MxOy.TeO2 (MxOy 
=WO3, MoO3 , P2O5 and B2O3) ionic conducting glasses”. Solid State Ionics 
113-115: 665-675. 
 
Dai S. X., Yang J. H., Xu S. Q., Dai N. L., Wen L., Hu L. L. and Jiang Z. H., (2003). 
Multi Rare-Earth Ions Codoped Tellurite Glasses for Potential Dual 
Wavelength Fibre-Optic Amplifiers. Chinese Physics Letter 20: 130-132. 
 
De la Rosa-Cruz E., Kumar G. A., Diaz-Torres L. A., Martínez A., and Barbosa-
García O., (2001). Spectroscopic characterization of Nd
3+
 ions in barium 
fluoroborophosphate glasses. Optical Materials 18: 321-329. 
 
Deva P. R. B, and Madhukar R. C., (2012). Structural and optical investigation of 
Eu
3+
 ions in lead containing alkali fluoroborate glasses. Optical Materials. 
 
74 
 
Dhiraj K. S., Madhab P., Kumar G. A., Sathravada B., and Radhaballabh D., (2012). 
Optical characterization of Er
3+ 
and Yb
3+
 co-doped barium fluorotellurite 
glass. Journal of Luminescence 132: 1910-1916. 
 
Doremus R. H., (1973), “Glass Science”. Canada: John Wiley & Sons. 
 
El-Mallawany R.,(2002). Tellurite Glass Handbook: Physical Properties and Data. 
CRC Press LLC. 
 
El-Mallawany R., (2000). Structural Interpretations on Tellurite Glasses. Material 
Chemistry and Physics 63: 109-115. 
 
El-Mallawany R., Dirar Abdalla M., and Abbas Ahmed I., (2008). New tellurite 
glass: Optical properties. Material Chemistry Physics 109: 291-296. 
 
El-Sayed Y., Kamel D., Ramzi M.and Rüssel, (2011). Thermal stability and UV-Vis 
NIR spectroscopy of a new erbium-doped fluorotellurite glass”. Philosophical 
Magazine 1-13, iFirst. 
 
Emad E. M. and Richard V. N., (2012). Glasses and Glass Ceramics For Medical 
Applications”. Springer New York Dordrecht Heidelberg London. 
 
Eranna G., (2011). Metal Oxide Nanostructures as Gas Sensing Devices. CRC Press. 
 
Gayathri P. P., Sadhana K., and Chandra M. V., (2011). Optical, physical and 
structural studies of boro-zinc tellurite glasses. Physica B 406: 1242-1247. 
 
Guihua L., Qiuping C., and Jianjun X., (2008). Thermal and optical properties of 
new fluorotellurite glasses for photonics application. Proceeding of SPIE 
Digital Library 6998: 1-8. 
 
75 
 
Halimah M. K., Daud W. M.,  Sidek H. A. A., Zainal A. T.,  Zainul H., and Jumiah 
H., (2005). Optical Properties of Borotellurite Glasses. American Journal 
Applied Science (Special Issue) 
 
Halimah M. K., Daud W. M., Sidek H. A. A., Zaidan A. W., and Zainal A. S., 
(2010).  Optical properties of ternary tellurite glasses.  Materials Science-
Poland, 28: 173-180. 
 
Hans B. and Norbert N., (1998). The Properties Of Optical Glass. Springer-Verlag 
Berlin Heidelberg New York, p. 59. 
 
Harish B. M., Kandavel M., Munia G. and Rao K. J., (2004). Li
+
 ion conductivities in 
boro-tellurite glasses. Bulletin of Material Sciences 27: 189-198 
 
He B. B., (2009). Two-Dimensional X-Ray Diffraction. John Wiley and Sons, Inc., 
Hoboken, New Jersey. 
 
Hiroki Y., Ganapathy S. M., and Yasutake O., (2005). Optical properties of Er
3+
 and 
Tm
3+
 ions in a tellurite glass. Journal of Applied Physics 97: 1-9. 
 
Hong L., Kamakshi S. S., Blanc-Pattison P. A., Liyu L., (2002). Spectroscopic study 
neodymium(III) in sodium tellurite glass. Journal of America Ceramic 
Society 85: 1377-1382. 
 
Hotan S., (2007). Rare Earth Doped Fiber Lasers and Amplifiers. Cuvilier Verlag 
Göttingen.  
 
Hussain N. S and Santos J. D. (2008). Physics and Chemistry of Rare-Earth Ions 
Doped Glasses. Stafa-Zuerich: Trans Tech Publications Ltd. 
 
Ioan A., Simona L., and Dorina R., (2008). Structural investigation of       
xMnO.(100x)[As2O3.PbO] glass system by FT-IR and Raman 
spectroscopies. Solid States Science 10: 1384-1386. 
76 
 
Jaba N., Mermet A., Duval E., and Champagnon B., (2005). Raman spectroscopy 
studies of Er
3+
-doped zinc tellurite glasses. Journal of Non-Crystalline Solids 
351: 833-837. 
 
Jacek M., Dominik D., and Marcin K., (2009). Nd
3+
/Yb
3+
 energy transfer in 
oxyfluoride silicate glass. Proceeding of SPIE 7502: 1-5. 
 
Jacquier B., Bigot L., Guy S., Jurdyc A. M., (2005). Spectroscopic properties of Rare 
earth in Optical Materials. Springer-Verlag, Berlin-Heidelberg 
 
Jayasinghe G. D. L. K., Dissanayake M. A. K. L., Bandaranayake P. W. S. K., 
Souquet J. L., and Foscallo D., (1999). Electronic to ionic conductivity of 
glasses in the Li2OV2O5- TeO2 system. Solid State Ionics 121: 19-23. 
 
Jing W., Lihong C., Jiashi S., Haiyang Z., Xiangping L., Weili L., Yue T., and Bo 
W., Baoji Chen., (2010). Composition-dependent spectroscopic properties of 
Nd
3+
 - doped tellurite-germanate glasses. Physica B 405: 1958-1963. 
 
Jlassi I., Elhouichet H., and Ferid M., (2011). Thermal and optical properties of 
tellurite glasses doped erbium. Journal of Material Science 46: 806-812 
 
John K., Jacqueline A. J., Oleg N., and Jay D. B., (2006). Structure and visco-elastic 
properties of potassium tellurite: glass versus melt. Journal of Physics 
Condensed Matter 18: 903-914. 
 
John F. M., and Angus W., (2009). Applied Dental Materials.  John Wiley & Sons: 
108.  
 
Kabalci I., Özen G., Öveçoğlu M.L., and Sennaroğlu A., (2006). Thermal study and 
linear optical properties of (1−x)TeO2–(x)PbF2 (x = 0.10, 0.15 and 0.25 mol) 
glasses. Journal of Alloys and Compounds 419, 294-298 
 
77 
 
Kai X., and Zhongmin Y., (2007). Thermal stability and optical transitions of Er
3+
/ 
Yb
3+
-codoped barium gallogermanate glass. Optical Materials 29: 1475-
1480. 
 
Kamalaker V., Upender G., Ramesh C., and Chandra M., (2012). Raman 
spectroscopy, thermal and optical properties of TeO2-ZnO-Nb2O5-Nd2O3 
glasses.  Spectrochimica Acta Part A 89: 149-154. 
 
Kaushal K., and Rai S. B., (2007). UV/visible upconversion and energy transfer 
between Nd
3+
 and Pr
3+
 ions in co-doped tellurite glass. Solid State 
Communications 142: 58-62. 
 
Khattak G. D., Mekki A., and Wenger L. E., (2004). Local structure and redox state 
of copper in tellurite glasses. Journal of Non-Crystalline Solids 337: 174-181. 
 
Kumar G. A., Martinez A., and Elder D. L R., (2002). Stimulated emission and 
radiative properties of Nd
3+
 ions in barium fluorophosphates glass 
containing sulphate. Journal of Luminescence 99: 141-148. 
 
Lakshminarayana G., Vidya S. R., and Buddhudu S., (2008). NIR luminescence from 
Er
3+
/Yb
3+
, Tm
3+
/Yb
3+
, Er
3+
/Tm
3+
 and Nd
3+
 ions-doped zincborotellurite 
glasses for optical amplication. Journal of Luminascence 128: 690-695. 
 
Lambson E. F., Saunders G. A., Bridge B., and El-Mallawany R. A., (1984). The 
Elastic Behaviour of TeO2 Glass Under Unaxial and Hydrostatic Pressure. 
Journal of Non-Crystalline Solids 69: 117-133. 
 
Longjun L., Qiuhua N., Tiefeng X., Shixun D., Xiang S., and Xianghua Z., (2007).  
Up-conversion luminescence of Er
3+
/Yb
3+
/ Nd
3+
 co-doped tellurite glasses. 
Journal of Luminescence 126: 677-681. 
 
78 
 
Lee C. H., Joo K. H., Kim J. H., Woo S. G., Sohn H. J., Kang T., Park Y., and Oh J. 
Y., (2002). Characterizations of a new lithium ion conducting Li2O-SeO2-
B2O3 glass electrolyte. Solid State Ionics 149: 59-65. 
 
Marcio L. F. N. and Shigueo W., (2006). Universal Cruve of Ionic Conductivitis in 
Binary Alkali Tellurite Glasses. Brazillian Journal of Physics 36: 795-798. 
 
Marjanovic S., Toulouse J., Jain H., Sandmann C., Dierolf V., Kortan A. R., 
Kopylov N., and Ahrens R. G., (2003). Characterization of new erbium-
doped tellurite glasses and fibers. Journal of Non-Crystalline Solids 322: 
311-318. 
 
Markus P. H., Nigel J. C., and Gosnell T. R., (1997). Spectroscopic properties of 
Er31-and Yb31-doped soda-lime silicate and aluminosilicate glasses. The 
American Physical Society (Physical Review B) 15: 9302-9318. 
 
Marvin J. W., (2003). Handbook of Optical Materials.CRC Press LLC. 
 
Marwood N. E., (2000). Electro-Optics Handbook (2
nd
 Edition)”. The McGraw-Hill 
Company. 
 
Meisong L., Zhongchao D., Lili H., Yongzheng F., and Lei W., (2007). 
Spectroscopic properties of Er
3+/
Yb
3+ 
codoped fluorophosphate glasses. 
Journal of Luminescence 126: 139-144. 
 
Michel J. F. D., (2001). Rare-Earth-Doped Fiber Laser and Amplifiers. New York: 
Marcel Dekker. 
 
Mori A., Kobayashi K., Yamada M., Kanamori T., Oikawa K., Nishida Y., and 
Ohishi Y., (1998). Low noise broadband tellurite-based Er
3+
-doped fibre 
amplifiers. Electronic Letters 34: 887-888. 
 
Mott N. F. and Davis E. A., (1970). Electronic Process in Non-Crystalline Materials, 
Clerendon Press, Oxford. 
79 
 
Muruganandam K., and Seshasayee M., (1997). Structural study of LiPO3-TeO2 
glasses. Journal of Non-Crystalline Solids 222: 131-136. 
 
Neeraj K. G., Anant K. S., and Rai S. B., (2007). Efficient blue upconversion 
emission in Tm
3+
 via energy transfer from Yb
3+
 doped in lithium modified 
tellurite glass. Jounal of Applied Physics 101: 1-4. 
 
Neuroth B., (1995). The Properties of Optical Glass, Springer, Berlin.: 63-66. 
 
Nuraffera M.N., Sahar M. R., and Rohani M. S., (2007). Thermal analysis of TeO2-
 Nb2O5-Li2O-Sm2O3 glass system.  Solid State Science and Technology 15: 
 118-122. 
 
O’Donnell M. D., Miller C. A., Fumiss D., Tikhomirov V. K., and Seddon A. B., 
(2003). Fluorotellurite glasses with improved mid-infrared transmission. 
Journal of Non-Crystalline Solids 331: 48-57. 
 
Oermann M. R., Ebendorff-Heidepriem H., Li H., Foo T. C., (2008).  Index matching 
between passive and active tellurite glasses for use in microstructured fiber 
lasers: Erbium doped lanthanum-tellurite glass. Optical Society of America 
17: 15578-15584 
 
Oo H. M., Halimah M. K., and Wan-Yusoff W. M. D., (2012). Optical properties of 
bismuth tellurite based glass. International Journal of Molecular Sciences 13: 
4623-4631. 
 
Patrick R., Thibaut D., and Philippe S., (2002). Electronic conductivity and 
structural chemistry in Li-Te-V
5+,4+
 oxide glasses. Journal of Non-Crystalline 
Solids 311: 241-249. 
 
Podmaniczky A., (1976). Some Properties of TeO2 Light Deflectors with Small 
Interaction Length. Optical Communication. 16(1): 161-165. 
 
80 
 
Qiu-Hua, Yuan G., Tie-Feng X., and Xiang S., (2005). Investigation of thermal 
stability and spectroscopic properties in Er
3+
/Yb
3+
- codoped TeO2-Li2O-
B2O3-GeO2 glasses. Spectrochimica Acta Part A : 1939-1943. 
 
Raffaella R., Karl G., Mario W., Marco B., Adolfo S. and David Ajò., (2001). 
Optical spectroscopy of lanthanide ions in ZnO-TeO2 glasses. Spectrochimica 
Acta Part A 57: 2009-2017. 
 
Ray L. F., Jagannadha R. B., (2009). An application of near-infrared and mid-
infrared spectroscopy to the study of selected tellurite minerals: 
xocomecatlite, tlapallite and rodalquilarite. Transition Metal Chemistry 34: 
23–32. 
 
Razali W. A. W., Azman K., and Ruziana M., (2009). The preparation and 
characterization of Nd2O3 doped borate glass.  American Institute of Physics 
Conference Proceeding 1250: 321-324 
 
Rodrigues A. C. M., Keding R., and Rüssel C., (2000). Mixed former effect between 
TeO2 and SiO2 in the Li2O-TeO2-SiO2 system.  Journal of Non-Crystalline 
Solids 273:53-58. 
 
Rosmawati S., Sidek H. A. A., Zainal A. T., and Mohd Zubir H., (2008). Effect of 
Zinc on the Physical Properties of Tellurite Glass. Journal Of Applied 
Sciences 8:  1956-1961. 
 
Sahar M. R., Sulhadi K., and Rohani M. S., (2007). Spectroscopic studies of TeO2–
ZnO–Er2O3 glass system. Journal of Material Sciences 42: 824–827. 
 
Sahar M. R., (2000). Fizik Bahan Amorfus. UTM Skudai, Malaysia. 
 
Sahar M. R. and Nordin N., (1995). Oxychloride glasses based on the TeO2-ZnO-
ZnCl2 system. Journal of Non-Crystalline Solids 184, 137-140. 
 
81 
 
Sekiya T., Mochid N., Ohtsuka A., and Tonokawa M., (1992). Raman Spectra of 
MO1/2 TeO2 (M = Li, Na, K, Rb, Cs, and Ti) Glasses. Journal of Non-
Crystalline Solids 191: 115-123. 
 
Selvaraju K., and Marimuthu K., (2012). Structural and spectroscopic studies on 
concentration dependent Er
3+
 doped boro-tellurite glasses. Journal of 
Luminescence 132: 1171–1178. 
 
Setsuhisa T., Xian F., and Teiichi H., (2001). Hydroxyl group in erbium-doped 
germoanotellurite glasses. Journal of Non-Crystalline Solids Sol 281: 48-54. 
 
Sharaf El-Deen L. M., Al-Salhi M. S., and Meawad M. E., (2008). IR and UV 
spectral studies for rare earths-doped tellurite glasses. Journal of Alloy and 
Compounds 465: 333-339. 
 
Shixun D., Chunlei Y., Gang Z., Junji Z., Guonian W., and Lili H.,(2006). 
Concentration quenching in erbium-doped tellurite glasses. Journal of 
Luminescence 117: 39-45. 
 
Sidek H.A.A., Rosmawati S., Talib Z.A., Halimah M.K., and Daud W.M., (2009). 
Synthesis and Optical Properties of ZnO-TeO2 Glass System. American 
Journal of Applied Sciences 6: 1489-1494. 
 
Sulhadi, Sahar M. R., Rohani M. S., and Arifin R., (2007). Thermal stability and 
structural studies in the TeO2-ZnO-MgO-Li2O-Er2O4 glass system. Solids State 
Sciences and Technology 15: 116-121. 
 
Surendra B. S., Babu P., Jayasankar C. K., Joshi A. S., Speghini A., Bettinelli M., 
(2007). Laser transition characteristic of Nd
3+
 - doped fluorophosphates 
laser glasses. Journal of Non-Crystalline Solids 353: 1402-1406. 
 
Suryanarayana C., and Grant N. M., (1998). X-ray Diffraction: A Practical 
Approach. Plenum Press, New York. 
82 
 
Tauc J., (1970). Optical Properties of Solids, (ed. F. Abeles), North-Holland, 
Amsterdam. 
 
Tilley R. J. D., (2004). Understanding Solids. England: John Wiley & Sons. 
 
Upender G., Ramesh S., Prasad M., Sathe V. G., and Mouli V. C., (2010). Optical 
band gap, glass transition temperature and structural studies of (100-
2x)TeO2-xAg2O-xWO3 glass system. Journal of Alloys and Compounds 504: 
468-474. 
 
Upender G., Ramesh S., Prasad M., Sathe V. G., and Mouli V. C., (2010). Optical 
band gap, glass transition temperature and structural studies of (100-
2x)TeO2-xAg2O-xWO3 glass system. Journal of Alloys and Compounds 504: 
468-474. 
 
Vasselin D., and Sumio S., (1996). Electronic oxide polarizability and optical 
basicity of simple oxides. Journal of Applied Physics 79: 1736-1740. 
 
Vijaya P. G., Narayana R. D., and Bhatnagar A. K., (2001). Linear optical properties 
of niobium-based tellurite glasses. Solid State Communication 119: 39-44. 
 
Vineet K. R. and Rai, S. B., (2004). Optical transitions of Dy
3+
 in tellurite glass: 
observation of upconversion. Solid State Communications 132: 647-652. 
 
Wang J. S., Machewirth D. P., Wu F., Snitzer E., and Vogel E. M., (1994). 
Neodymium-doped tellurite single-mode fiber laser. Optics Letters 19: 1448-
1449. 
 
Warner A., White D., and Bonther V., (1972). Acousto-Optica Light Deflectors 
Using Optical Activity in Paratellurite. Journal of Applied Physics 
43(11):4489-4495. 
 
83 
 
Weeranut K., Kheamrutai T., Jakrapong K., and Pichet L., (2012). Er
3+
-Doped soda-
lime silicate glass: Artificial pink gemstone. American Journal of Applied 
Sciences 9: 1778-1785 
 
Weeranut K., Jakrapong K., and Pichet L., (2010). UV-Visible NIR study of Er
3+
 
doped soda lime silicate glass. Asian Journal on Energy Environment 11: 37-
47. 
 
Wenbin X., and Chin J., (2010). Modelling of Tunable Luminescence in Multiple 
Rare Earth Co-Doped Glasses. Journal of Display Technology 6: 298-305. 
 
Wojciech A. P., Joanna P., and Witold R. R., (2003). Effect of erbium concentration 
of physical properties fluoroindate glass. Chemical Physics Letters 380: 604-
608. 
 
Xia S., and Duan C. K., (2007). The Simple Model and its Application to 
Interpretation and Assignment of 4f–5d Transition Spectra of Rare-Earth 
Ions in Solids. Journal of Luminescence 122–123: 1–4. 
 
Yaru N., Chunhua L., Yan Z., Qitu Z., and Zhongzi X., (2007). Study on Optical 
Properties and Structure of Sm2O3 Doped Boron-Aluminosilicate Glass. 
Journal of Rare Earths 25: 94-98. 
 
Yen W. M., and Selzer P. M., (1981). Laser Spectroscopy in Solids. New York: 
Springer Verlag, Berlin Heidelberg. 
 
Yousef E. (2005). Characterization of oxyfluoride tellurite glasses through thermal, 
optical and ultrasonic measurements. Journal of Physics D: Applied Physics 
38: 3970-3975. 
 
 
84 
 
Yuan G., Qiu-Hua N., Tie-Feng X., and Xiang S., (2005). Thermal stability, Judd-
Ofelt theory analysis and spectroscopic properties of a new Er
3+
/Yb
3+
- 
codoped germane-tellurite glass. Spectrochimica Acta Part A 61: 2822-2826. 
 
Yung S. W., Hsu S. M., Chang C. C., Hsu K. L., Chin T. S., Hsiang H. I., and Lai Y. 
S., (2011). Thermal, chemical, optical properties and structure of Er
3+
-doped 
and Er
3+
/Yb
3+
-codoped P2O5-Al2O3-ZnO glasses. Journal of Non-Crystalline 
Solids 357: 1328-1334. 
 
Yung S. W., Lin H. J., Lin Y. Y., Brow R. K., Lai Y.S., Horng J. S., Zhang T., 
(2009). Concentration effect of Yb
3+
 on the thermal and optical properties of 
Er
3+
/Yb
3+
- codoped ZnF2-Al2O3-P2O5 glasses. Material Chemistry Physics 
117: 29-34. 
 
Zhang J., Tao H., Cheng Y., and Zhao X., (2007). Structure, Upconversion and 
Fluorescence Properties of Er
3+
- Doped TeO2-TiO2-La2O3 Tellurite glass. 
Journal of Rare Earths 25: 108-112. 
 
Zhian J., Ivan B., and Jean T., (2010). Ab initio study of linear and nonlinear optical 
properties of mixed tellurite-chalcogenide glasses. Journal of Physics 
Condensed Matter 22: 165903 (8pp). 
 
 
 
 
 
